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Metract

It is now well-known that phenomena in the nsighborhood >f the oritical
point are not as simple as would be antioipated from a theory of the
van der Waais type. In partioular, the question has been raised as to
whother the top of the ocexistence ourve (soladility ourve in a binary
liguid system) should have a flat horisontal portion, and as to whether
there is a portiom of the one-phase homogeneous region where the fugaoity
1s independent of oonoentration. in attempt has been made to answer
these questions for the oyslohexansé-azniline system by measuring the
ocoexistenoce ourve, and by comparing the vapor pressures of mixtures

of different oomposition, just adbowe the sritiocal temperature, dy use
cof a differential manometer. Extreme purification of the materials
has besa found to be.very necessary. The data are dlisved %o ahom
that the top of the ocexistenoce ourve is flat, Within the iimits of
experiamtal error, there is no region above the oritiocal temperature
where the fugaoity is independent of ooncentration,
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' ‘It has been realised for a oonsiderabdle period of tims that the phenomma
vhioh ooour in the immdiate naighborhood of the oritioal point of a one-com=
poaent system ure not as simple as xight be antiocipated from the wvan der Waals
theory or similar theoriee of the equatim-of-astate, Though a number of experi-
menters had early pointed out soms of the "anomalies", attention was most for-
oibly direoted to them by the statistical theory of clusters as dewsloped by
Mayer and Harrison(1:2), These authors conoluded that the 1iquid-vapor coexis-
tence ourve in the p-V (pressurs-volume) disgram, as determined b7 the obser-

- vation cf the msniecus, should have a flat horisontal section at the top, inetead
of being roughly parabolic as predicted by van der Haals. Thus instead of a
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single oritical volums, thore will be a range of oritiocal volumes. There will
be an isotherm having a portion vhioch coinoides with the horisontal part of the

2
3

“ooexistence ourve; the tempersture of this isotherm will be designated ae I,.

i

E" Partly from theoretical oconsiderations and partly from intuitim Mayer and
:ir Harrison inferred further that even for temperatures somswhat greater than T,
5 the isotherms would have a horizmtulportion, in spite of the faot that the

b

ordinary type of condensation with formtion of a visidble menisous oould not be

7 “ §

observed at these tezperatures. These isotherms, however, would not have ﬁu
disoontinuities in slope whioh normally ocoour where the isotherm orosses the
coexistenoe ourve, but the portions with sero slope would be approsched smoothly.
They oonsidered the lait isotherm (highczt temperature) for which a portiom with
goro slope ooours to be the true oritical isotherm; this temperature we shall

wnrsomm st Rt o1 vt oV g 0% N i

3,4,8) has developed a thermodynamio theory based on a

More reoently Rioce
oonsideration of the actual physioal olusters of molecules (as contrasted to

the mathematiosl olusters of Mayer and Harrison) whioh will form vhen a vapor is
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compressed, The oritioal temperature, T,, is defined as the temperature at which
the surfuce tension vanishes, a menisous presumably not being visible above thia
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tomperature. Below T, the olusters will, at a ocertain pressure, tend suddenly %o
be infinitely large in sise, thus giving ordinary condensatisn., But at %,, in-
stead of a compeot 1iquid, a large sprmugy mass will bs gradually formed. The
surfadce teneion being sero it will not resict oompression. Thus the oritical
isotherm in this theory, also, should have a finite horisontal portion, and in
agreemnt with Mayer and Harrison the coexistence ourve ehould be flat at the
top. EHowever, if the surface tension beoomwss negative sbove T, (and arguments
in favor of this were given), the spongy oocalesced cluster will then resiet
oczpreesim. Thus all isotherms above I, are expected to have a finite slope.
Aoccording to the theory of Rioce there is only ore characteristic temperature,
Toe Acoording to Maysr and Harrison there are two, T and ?,', and it would be
s moet unexpeocted coinoidence if these two coinoided. However, u-“) has
recently suggested that the integrals which ooour in Mayer end Harrison'e theory
my be oonsistent with the vanishing of all derivetives of » wit—h Nl.Pot to
V, without disoontinuities in any of the derivatives, at one single point in the

pV plans, This would be the oritiocal point and To and T,' would ooinoide. The

coexistence ourve would de rounded at the top, but it would not be paradbolio,
s in van der Haals theory, where only (Q p/ O V)g and (33p/d V2)q vanieh at
a single point without disoontinuities.

Despite a nucber of experimente intended to elucidate the gquestions raised
bywtha above theories, the matter ocannot be said to be settled. Observatione
of the menisous i3 the oritioal region have led some authors to believe that the
top of the acoexistence ourve is flat, [ For a discussion and references, see (s‘)‘ .
Reoent work, hovever, hae tended to show that the effect of gravity may be of -
importanoce in this yhonomnon("). eo that some of the results vhich lead to this

conolusion may be spurious, though stirring of agitation should tend to minimire
this effedt,
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" The question as to the shape of ths isotherms in the oritioal region is

slaso \muttled(s), and here, too, gravity may have an mtlumoo(”.

Howover, even the moat slsmentary observations show that the van der Vaals
type of theory is in need of substentisl modification. Ouggenhsim(®) has ool-
lsoted a large amount of data on the coexistsnoe ourve from ths literature,
and has shown that the onceaxistenoe ourve oannot be swen approzimately parabdbolio,
It appears to be a ourve of the third-degree rather than of the ssoond degres,
Such & curve is very nearly flat on the top, and it may be expeoted that it will
be exosedingly diffioult to droide experimentally whether thore is aotually a
finite horigontal portion,

Any situation vhioh can arise in a one-ocomponent system oould haww ite
counterpart in ths beshavior of a dinary liquid system in the neighborhood of
its oonsolute or oritioal solution temperature, aﬁd vory similar thsoretioal

(4,10).

oonsiderations oan be applied Usually somswhat different msthods of

plotting are used, Thus the ooexistencs ourve is plotted in a diagram of tem-
perature vs. oonoentration. In such a diagram we may still ask whether there
is a finite horisontal portion at the oritical temperature. And we my ask
whethor thozjo is a range of oomoentrations and tsmperatures just above the
oritiocsl temperature (or below if it is a lomer oonsolute temperaturs), that is,
in the homo;onaoullonl-pmu region of oomplete mutual solubility, where the
fugacity of each componsnt at a givan temperature is independent of oonoentration.
Expsrimental ansvers to these questions are oertainly not unequivocally
provided in the literature [ror references and summary see (4)‘]. From the data
given in the Landolt-Bornztein Tables one gets the impression that more acourate
data might show many of the ooexistence curves to have flat tops,. Some of the
more aoourats data do appear to indioate a flat horisontal portion, notably in
ths systems phenol-water, acetis hydride-ocyolohexane, aocetone-ocarbon disulfide,

mothyl acetate-carbon disulfide (in the latter two the flat portion ie unusually

et en wi BB o 100 e B e e 0 > s LR

Ay
e

DA Hgos

by 43 e
~




Ctme Ak W R e Ty (s
| .

"

is

e Py

T A
.

§

T

Ay
e

RS

ot WA il e Yy

e

piLE

PR ¥

* 2. 'y oy o nd -
R o it b TR T o NI
SR sy ey oo s e -

long.). and a nunber of orgenis mixtures studied by Woocdburn, Smith, and Tetewsky.
On the other hand, the ocexistence ourves for the systems acetio anhydride-
oarbon disulfids and perfluoromsthyloyolohexane-carbon tetrachloride appsar to
be rounded at the top. The oocexistence ourves for liquid pairs show a great
variety of forms, and they may well differ in this respeot. However, it is ¢o

be noted that 1liquid systems are extremsly sensitive to minute cquaniitiez of

impurities, and it ‘seens probable that thsse are nore ii.bly to make & ourve
with a flat top seen rowndsd than the reverse, | '

“There are no data which ocan de used to calsulate fugacities in the oritical
region whioh are of suffioient acouracsy except those of zam(u) on the perfluoro-
methyl oyolohexane-oarbon tetrachloride systen, obtained from measuremsnts of
light scattering, These indicate that in this system there is no portion of
the homogeneous region where the fugaoities are independent of oonocentratiom.

Despite their sensitivity to impurities, bdinary iiquid systems offer ocer-
tain advantages for this type of investigation, Effeots of gravity will de
praotiocally negligible, sinoce direct effeots of pressure of the order of magni-
tude involved will not be appreociable. Only if gravity oould oause omoentration
gradients oould it be of importance, but gravity-caused ocnocentration gradients
are alvways small and can be practiocally eliminated by stirrizng. Alsc liquid
pairs with convenient oritical temperatures can de found and it is unnecescary
to viork at elevated pressures,

The cyolohoxane-ax;ilino system, masurements of which we will report heve,
has a very oonvenient oritiocal tempsrature {values ranging from 30.2 to 31,.3°C
have been reported in the li?cntun(m% It further has the adventage that
most of the vapor pressure is due to oyolohexane and so a measurement of the
total vapor pressure gives zpproximately the fugacity of one of its componsnte.
If both oomponents had oomparable vapor pressures an increase in the partial

vapor pressure of me of them with oonoentration oould well be almost oompensated
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by c. deorease in the partial pressure of the other, thus masking changes in
the fugacity, and making use of the total vapor pressure es a measurs of fugasity
impractiocable,

Apparatus and Materials

Purificatin of Materisls, In view of the sensitivity of dinmary liquid
systems to mut'ﬁ'l. great precautions were taken in the purirication of our

maberials. The anilins used was a special sample, kindly supplied by Dr, A, 7.
Sohramm of N¥ational Aniline Division of Allled Chemical and Dye Corporation of
Buffalo, New York, This aniline was first pleced in 500-ml, groundestopper
Erlenmeyer flacks (about 200 ml, aniline per flask) each oonteining approxi-
mately 50 grams cf KGH pellets (Merck, reagent grade). The flaske were stored
in a dark cupboard for about two weks and thoroughly shaken several timss each
day. Thie aniline was then distilled from sinc dust (Merok, reagent grade) at
atmospheric pressure, re jecting the first few milliliters and leaving s few
milliliters residue. The sample was next distilled three times from sino dust
at 6 mn, Hg pressure, A vacuum-jaoketed colum, 1,5 x 30 om., pecked with glass
helices, reflux ratio about 8 to 1, was used for reotificaticz., The middle cut
of approximately 75% was saved; dry nitrogen was bled into the reoeiver prior

“to its removal from the distillation apparatus. The aniline was then fraotimmally

orystallized twioce, The top of the oold trap was kept in an atmosphere of dry
nitrogen, and reducing adapters were used sc that the sise of the opening was
large enough only for the stirring rod, The freesing mixturs was dry ice-acetme,
and the freeszing period was approximstely six to eight hours, with frequent
stirring. After approximately 90X of the aniline had been frogen, the top 10%
vwes removed by suotim. The top portion of the remaining aniline was then melted
and that portion removed. The ariline vas fractional r distilled cmce mors,

The samples were stored in small glass-stoppered flesks in a dark cupdoard in e
nitrogen atmosphere, 8everal months elapsed defore the final runs were made and
during this period the aniline had taken on e very slight color, so it was again
fractionally distilled from sinc dust and finally from ignited CaO, The usual
precautioms to keep out oxygen and moisture were obserwd. The melting point
shomed no discernible range when checked with a Beolmann thermomster,

The oyolohexare was obtained from the Nationa) Bureau of Standards, sample
209a-25; impurity mole peroent 0,010 £ 0,008, It was opened in an atmosphere
of dry nitrogen and kept in olosed sample tubes, No attempt was made to purify
the sample ae it was belisved that it already had the highest purity cbtainabdle.

The Sample Tubss, It was at first hoped that we oould introdu~e mixtures
of two different imown oonoentrations into two tubes which were omnected throush
a sensitive differential menomter. Thuas minute differenoces in vapor pressure
between the two mixtures oould be measured, and it oould bs determined whether
there was any range above the sritical temperature where the differencs in vapor
pressure between two suoh mixtures would vanish., At the same time the point

on the coexistence curve ocould bs determined, These sarly attempts were unsuo-
cessful, This may have been bsocause it was necessary %o use stopoock grease in
the .apparatus. Alsoc some moisture may have been present, in spite of the faoct
that all transfers of 1liquid were carried out in sn atmosphers of dry nitrogen.
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It was finally decided to maks up mixtures of varying compositions in'
separate tudbes, in which the traneition temperatures from two-phass to cne-phase
nixtures oould b observed, Afterward certain pairs oould be attached to dif-

fersntial manome’ers and pressure differences measured., 7The apparatus used is f
shom in Fig, 1. The portion to the right of G is the sample tude., A magnetio .
stirrer was placed at the bottom of this tube, It oonsisted of a piece of iron =

e

ocovered with roughened glaas, which ocould be mowved by means of a eolenocid,

Adequate stirring was provided when the solenoid switoh wae very quickly olosed :
and opened tivioe for each sample, 3xoessive oporation of the switch caused a it
notiosable change in tempsrature of the bath and was avoided, e

T™he porticn of the apparatus to the left of G was used for purification,

The vacuum system ueed to evaouate this apparatue oould de out off with a meroury
ocut=off, and all stopoooks were behind a 00ld trap, The first mixtures were

repared in a purification and sample tube having only one purifiocation chanber .
fn) on the left, A rubber stopper was placed in the tudbe at B and the apparatus
! was evaouatod and flamed intermittently for two hours, Nitrogen wae then bled ,
: intc the entire system, and allowed to pass through it at a rate of several ml. =
bas per ainute after the rubder stopper was rmmwd and during the filling procedure;

- in addition a "dry box" containing an atmosphere of dry nitrogen was placed
around the apparatue, The aniline and then the cyolchexane were introduoed into
chember B by the use of oalidrated mioro-pipets, The nitrogen was then turned
of £, a stopper was inserted in the tude at B, and the dry box removed. The
; nixture was immediately frosen with liquid air to prevent lose of the oyolohexans,
s the purifying shamber eealed at M and the systen ewvaouated,

Tk
"2

After evacuation the mixturs was meltsd to let dissolved gas eecape, refrosen
with liquid air, and evacuated. This melting, freezing, and pumping procedupe
was repsated two more times, Hith the tacuum system out off, the mixture was
distilled from purifioation ohamber B to the sample chamber C, which was cocled
1 with diy ios~acetme, 4o ice-alochol Bath was used on chamber B to prevent too
] rapid distillation; it had to be removed, however, before the aniline would
5 distill, The mixture in the sample tude, O, wgo mited twioce, and each time

refrosen with liquid aiy and pumped off at 10°° mm, Hg, With the mixture frosen
the sample tube wae then sealed off at constriotiom G,
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In later eamples and for repurification of earlier samples, the apparatus
ueed wae as shomn in Mg, 1. The proocedure wae the seme exoept that freshly
ignited Cal was put into purification ohamwbers A and B and the tubr sealed off
at L prior to the initial pumping and intermittent flaming, The distillation
was from B to A to O, The liquid mixture remained in oontact with the OaQ of
each ohasber for at lsact ¢two hours, The liquid air wee kept on the reoceiving
chamber for approximately thirty minutes after the Ca0 in the distilling shamber
appeared to be dry to ineurs complete transfer of the mixture. The distilling
ohamber was not heated as thie might have driven off soms of the water taken up
by the Ca0, After the eample tube had bLeen removed the purification chamdere
were heated to csa whether any liquid oould be driven off and the oolor of the
1iquid was noted, Bhould any aniline have been lsft in the CaO the liquid would
be dark red since air had dbeen let into the waouum syetem, Nothing was obeerved
other than very emall quantities of moisture, except that in four of the mixtures,
generaiijy in early stages of the purification, a very slight reddish-bromn
colomtion wae noted, The amount of material involved was peroeptible dut
balieved not measureabdble, _
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Furification of the samples oould be continued by attaching the sample
tube at I (Pige 1) to a new purification apparatus of the type of Mg, 1. The
latter was then olosed, ewacuated, and flamed; then the bdreak seal at J was
broken by an iron pellet enclosed in glass, the material transferred dy dis-
sillaticm in wacuum to the new purification apparatus, and the purification
prooess carried on as defore,

Pressure ¥Wsasuremsnts, When the samples were suffioiently purified, and
after the masuremnts m the trensition temperatures were ocompleted, two of
the oample tubes could be sealed at I to the two ends of a differential meaometer.
The differential mencmeter was then carefully filled with the msnomster fluid,

" olosed off, outgassed and evacusted, ¥With ths oyclohexane-aniline mixtures

frooen out the break seals wers opsned, In warming up the mixtures it was neves-
‘sary to take ocare not to drive the manomter fluid out of the manomster tubde,
though traps were provided to catoh ths manometer fluid in ocase of accident,
In all ocases except the first one, the manometer was provided with breeak seale
to permit further repurification of the mixtures if dssirebdle,

The manom ter fluid used was polyethyleneglyocol, it being the best of
several tested, It d4id not diswlve the cyoclohexane, but after a long period
did appear to react with the aniline, turning yellow in so doing, The wvapor
pressure of aniline was very small under the oonditions of our experimente,
and thers was sufficient time to make the mesnsurements required before any re-

“aoction took place, It was rather cbviocus when reaction had ooccurred, beocause
of diffioulty in obtaining equilidrium in making the pressure msasuremmts; in
any event, the appearance of the yellow oolor served as a warning, The poly-
ethyleneglyocol that was used was pumped on the wacuum eystem for a week with a
hot=air blower keeping its temperature arowmd 78°, The last three days of
this punping «he pressurs was less than 10°° m, Hg,

A soale taken from & broken Beckmann therzomster was placed behind the
manometer, and the height of the liquid in the two arme was read cu it with a
telescope, The smallest divisions on the scale were 0,3718 mm. apart, and,
uung polyethyleneglyocl, density 1.12 g, per ml,., vere equivalent to 0,0808
e dge

Thermostat, The thermostat used was capeble of being regulated as oclosely
as the temperature could be read with a Beckmann thermometer, and the temperature
oould be changed as slowly or as rapidly as desired. The water was vigorously
stirred to avoid temperaturse gradients. The temperature was msasured by twu
Beokmarn thermome ‘ers whioch had been oi.ecked against a thermometer standardised
at the Bureau of Standards.

Transition Temperatures and Related Observations

Transition Temperatures, For the experimnts in oclosed tubes ths eleven
mixtures of Table I were prepared. WHhen these were first placed in the tubes
the transition temperatures shom as black oiroles in Fig. 2 were odbtained, Their
extreme irregularity indiocates that som impurity vas introduced in making the

nixturee, sinoa the same aniline and ayolochexane was ussd in all oases. This
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Compositions and Transition Temperatures 4
'\ Mole fracticm Jnilins Transition Temperature °C
Killimolee aniline A 8 Cooling Heating 'ﬁ
. 5.89 0,298 0,398 29,88
i 8,38 W1 416 20,01, 20,61 4
1 8,42 A28 419 29,625 29.62 %
6.68 +426 427g 29,63 %
" 6,88 o433 o436 29,63 29,63 =
tﬂ 8.9 V436 439 29,63 29,63 =
7.20 e 7 29,63 29,63 P
i 7,48 458 «455 29,63 29,63
! 7.7 462 468 29.63 29.63
ta 8.06 472 AT8 29,61 i
* 8,58 «488 49 - 20,57 3
\
%T Nobes To the number of millimolss of aniline given was addsd in each case
;i $.,04 millimoles of cyolohexane. When corrected for distillation of oyolohexane

into the spaoe (approximately 7 ml. in all tubes) between the 1iquid and the break
soal this becams 9,00 millimoles, giving mole fraotion, colum A, to be used for

ooexistence ourve measuremsnts., When ocorrected for distillation into the space
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(approximately 23 ml in all tubes) between liquid and manometrio fluid thie be-

3
-
i

oame 8,90 millimolss giving mole fraotims, oolum B, to be used for pressure-dif-
ferenos measuremsnts., The vapor pressure of all nixtures was approximately 113 mm

Hg at 30°C; variation with temperature (about 26X in 5°) ocan be negleoted, Partial
pressure of aniline is negligibdls,
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+ 0,416 sample) a whitish cast appeared, (The 0,3985 and 0,488 sumplss 4id not

show this blue-white opalssocsnce), The stirrer oould still be seen very olearly,
tut as the temperature was deoreased still further a distinet very intense

white ocloudiness appeared quite suddenly and the stirrer was no longer visible.,
This ooourred in all the mixtures exoept in ths 0,3985 and 0,488 samples (in the
0.61.4 sample it was oonsideradly less intense), It was believed that the oloudi-
‘ness was oaused by the intimate dispersion and intermingling of tiny troplets of
two distinot phases, and so when this oloudiness was present the temperature of
ite appearance was talen as the transition point, In the case of the six “oriti-
oal mixtures® whose transition point was 28,63° the menisous did not appear until
the temperature wes 0,018 lower. The msnisous of the 0,416 mixture appearcd at
the same temperaturs as the meniscus of the oritical mixtures. In the oase of
the 0,414 mixture the menisous appesrsd 0,008° below the mset of the oloudiness,
and sinoe this cloudiness was not es dense and had a differant appearance then

in_ the oase of the oritiocal mixtures, the appsarance of the meniscus wes assumed

to give the transition temperature,

The ohanges appeared in essentially ths same way and at the same temporatures,

tut in reverse order, if the mixtures were heated slowly instead of deing oooled.
Behavior of the Menisous, In the 0,488 and probsbly in the 0,472 mixtures
(colum A, Tablo I) the menisous disappeared out of ths top of the tude on
heating, while in the 0,395g, ths 0,414, snd possible the 0,41¢ mixture it seemed
to disappear at the bottom, though in the latter cases it was rather diffioult
to observe because of the stirrer resting on the bottom of ths tude., In the
six "oritioal mixtures" the menisous seemsd to diseppear in the center of the
tube., Some measurements of relative height of the meuisous (1.0., height of the
menisous divided by the total height of the liquid oolum) wers made at various
tenpe ratures., The results for soms of the mixtures are shown in Fig, 3. In
interpreting these measuremsnts, espscially for the three mixtures least rioh

in aniline, the effeot of the stirrer resting on the bottom, and oocupying a
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omeiderable fractica of the oross seotion of the tudbe, must ds borne in mind,
These measurensts were all made on mixtures in their final state of purity
exoept for the 0,425 and 0,472 samples, whose transitien temperatures changed
only by 0,008° and 0,03° on further purification. Extrapolations (broken lines)
vere oarried to the observed trinsitippoints of mixtures in the actual state
of purification used, and are actually werely guesses based on general odser-
vations.

Conolusions and Discuasion, The oonolusion that we have draw from these
observations is that tbo ccexistence ourv-o has a flat, horisontal portion on
the top, extending npproxinﬁly over the range of ooncentrations, of the cix
mixtures we have oalled oritical mixtures. This is based not merely on the
results shom in Table I, but principally upon the fact that when the temperature
of the thermostat was lowsred at the rate of 0,01° per hour the extrems oloudi-
ness which we believed 1mrked the transitior appeared, as nearly as oould be
Judged, simultaneocusly in cll six of these tubes; also the meniscus appeared
simultaneous in all of them, as well as in the 0,418 mixture. On the dasis of
these observations we believed that we oould state unequivooally that the transi-
tion hnpoufun was the same for all six “oritioal mixtures® within 0.003°(13).

Our oonolusion that these are all oritical mixtures has been questiomed by
74mm(14), because he has shown that a smooth curvs of the form
| To - T =60 (X' - xv)3
where X! and Z® are the mole fraotions of aniline of the two phases ocoexisting
at the temperature T, passes through our six oritical points within 0,008° end
comes nearly as olose to our other points. He therefore states that within
limits of error, our ourve is a smooth curve, of the same type, and with very
nearly the same quantitative charsoteristios as the ourve used by Guggenhein(S)
for the liquid-vapor equilidbrium of ons-compment systems, and the curve used by
20mn(11) to £1t his om date on the perfluoromsthyloyolohexsne-oarbon tetras

c¢hloride systenm,
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i is, of ocourse, and always will de, impossidle to prove experimntally
that a given ourve is a true straight line over any portim of its length., We
may oall attention to the qualitative faot that our six "oritioal mixtures" do
appear to te oritiocal decause the menisous dissppeare within the dody of the

1iquid, Howewer, if, as we suppcse, ths true transition tsmperature is 0,018°

higher, this may not be oonvinoing evidence. Ths state of extreme slovdiness

appears to dbe charaoteristioc of the oritical mixﬁml. vhich may be signifioants
However, it did apvear in at lezst one non-oritiocal mixture, the one with 0,472
anilins mole fraction, dut thie sample is a little hard to compare; it was (the
only one) not obssrved simltaneouoly .1ith the others in its final stete of
purity,

On the other hand, we wish to point out one portinont faot, Ths cbser-
_ntiuu mn'ropuud coveral times, with the i—'-ubu in different positions in
the raock in the thermosntat, I't there had been any systematioc differences of
as moh as 0.“0(5’ or even 0,002° we believe that we would have deteoted them,
This seems to be oonfirmed by the faot that the transition tempemture of the
0,416 mixture was definitely lower than that of the six oritical mixtures, Yat
when it was atteched to ths differential manoms ter along with the 0,452 mixture
(which beoame the 0,456 mixture) and became the 0,419 mixture, the tubes now
underwent their transitiors simultaneously at 29,63°, Thus the 0,416 mixture
appeared to have become a oritical mixture, and this sml) ochange was deteoted.
Ve therefore beliave *t_:h'.t the evidenos does favor the oonolusion that there 1s
a range of oritiocal mixtures.

Furthermore, we may point out that there is aotually a oonsiderabls dif-
ference between our results and those of Zimm, Zimm finds that the oritioal
nixture for the perfluorome thyloyolohexane-sarbon tetrachloride system has a

voluma fraotion of carbon tetraochloride of 0,551, lixtures with volume fraoctions
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of 0,531 and 0,871 have a trensition tomperature 0,000° lowsr, This range
o; ommoentrations is quite oomparable to our “oritical™ range, 2Zimm did not
take precautions to exolude dissolved air and atmospherio moisture. While
it 48 quite possidle that his system was not as ssnsitive as ours to traces
of moisture, our results suggest that his work ought to be repeated with pre~
" oautions similar to those we used. This might result in a flattening of his

ourve,

~Results of Vapor Pressure Measuremnts

Differences in vapor pressure bstween pairs of mixtures, aniline mole
fraotions shown in parentheses in Tadle II, wers measured by the method desoribed
above, Two of these pairs involved oritioal mixtures; in the other cases the
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mixtures were outside the oritioal range, The pressures shomn in Tadble II are
the vapor pressure of the other plu'n. The pressure unit is 0,0506 mm, Hg
(see above, ssction on "Pressure Measurements"),

Care was tused 'in mking these masurements to see that equilidrium had
been attained by waiting until the measurements remained oonstant for at least
five minutes (in later runs, for ten minutes),

When the two mixtures of a pair doth show two liquid layers, the pressure
difference between them should, cf oourse, be sero, However, it wae almost
almays found, that there was a small residual pressure difference under these
oonditions., 4s long as the tempsrature was low enough 8o that there wore two
layers in both tudes, however, this d4iffsrence remained almost constant, and
it decresssd only a little if the mixtures were frosen out with liquid air, It,
therefore, appeared to be permanent gas, undoubtedly driven off from the glass
in sealing it off from the vaocuum system, even though the glass was flamed
before these scals were olosed, This residual pressure, whioh is recorded in

Teble II as tha "Correotion" was subtraoted from ths aotual pressure dilference
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Pair

Tedle I

Pressure Differences
as Heasured on the Polyethylene Glycol Manometer

I Palr IT Pair 11X Pair

Iv

Tomp, (0,398 and 0,491) (0,416 and 0,475) (0,419 and 0,485) (0.4275 and 0,447)

*c Heating

26,88

27,88 0,0
28,88 0,1
29,38 0,0
28,58 0,0
29,68 0,0
29,78 0,1
29.88 0,3
30,13 0,8
$0.38 0,8
30,68 1.1
30.68 1.3
31.13 1.8
31.63 2.3
32.18 2,8
32.63 3,4
33.13 4.0
33.63 4,9
34.183 5.9
34,83 7.2
35,13 8,9
Cor~
reotion 10,0

Stempsrature, 28,40°
.:g:mpeuwro. 39._8.0: plemperature, 26,63°
mperaturs, 28,83

Note s

Temp,
Heating
Cooling

Yomp.
Beating'
Cooling

Cooling Heating Cooling Heating Cooling Heating

0.0
0.0 0.0 -003;

0.0 0,0 0.

0,00 o008 o0
0.1 0,1 0.1 0,0 0.0 0.0
0.1 0,0 0.0

0.3 008 0.2 001 o.o
0.7 0.4 0.4 0.2 0.2 0.1
0.9 0,8 0,6 0,2 0.3 0.2
1‘2 0.6 006 0.‘ 0.4 0.3
1.3 - 0.8 0.8 0.4 0.6 0,3
1.7 1.0 1,0 0.7 0.7 - 0.4
2.4 1,3 1.8 1.0 1.1 0.8
2.8 1.8 1.7 l.2 . 1.2 0.8
S.4 ‘22 2.2 l.4 1.7 0.9
4.1 2.8 e.8 1.7 "1e9 1,0
5.0 3.4 S.é 1.9 2.2 1.2
8.0 4.0 4.2 2.2 2.8 1.4

4,8 4.6 2.4 S.1 1.8

5.7 3.3 S.8 1.7
10,0 0.0 0.0 7.7 7.6 9.0

Tompe rature, 29,08

In the case of Pair III readings were also made at some
intermediate tempsratures, as followss

29,62 29.68 29,83 29,93 30,08 80,38

0,0 0.0 0.0 0.2 0,2 0.2
0.0 0.1 0.3

30,43 30,63 30.73 31,03 S1.28 31,38

Ce3 0.3 0.4 0.8 0.8 0.6

0.8

bt.mpontuu. 26,80° Temperature, 29.30°
Temperature, 27,68°

Cooling

0.,1°
c,0of
0,08

0.0
0,0
0.1
0.1
0.2
0.3

0.4
0.6
0.7

1,0

is2

1.5

9,0
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+ readings to get the values shomn in Table II, In one case, the correction

ssemed to have ohanged very elightly between the readinge which were made with
rising end with falling temperatures,

In Pig. ¢, we show the average slope, A p/A X, of the veper pressure ourves,

for the temperatures abowe 29.63. Here A\ p is the oorrected pressure difference

s given in Tadble II, and /)X is the difference in moie fraoticms of aniline,
for example, 0,491 =~ 0,398 = 0,098 for Pair I. These pressure differences have

been averaged for rising and falling tempsratures where bdoth readings.are awvailable,

n_nd'luw been converted to mm Hg, JMn additioal ocorrection has also been made.
- The ocorreotions shown in Table II, arising trql inert gae pressures, should not

be oconstant with hmuwrﬁ. but ehould be proportiocnal to absoluts temperature,

2. Thie was not taken nto acoount in Table II, S8ince the chengs in the oor-
;oot!.on is proportional to T - T, and AA p/ AX is also approximatoly propor;!.cnl
to T « 2,, the peroentage ohange caused in /\ p/ /)X will be approximately con-
oﬁnt. To take this othoé into aco>ant the results, as oaloulated directly
from Tedble II, have been further multiplied by the following faotors: Pair I,
0.97; Pair II, 1,00; Pair III, 0,98; Pair IV, 0,90,

In the case of Paire I and IV the results shom in Table II are tho. seoond
sets of readings obtained. In the other oases all the data are shom, In the
case of Pair IV there was an unusually large amount of inert gas in the first
trial, so the ocorreotion wae inordinately large. Iherefore, the mixtures were
frozen out with nqu!.d-air. svasuatsd tircugh the smsrgency break-ssals above

the two sidss of the mmmometer, and the tubes resealed just below the break-seals.

Thefirst runs on Pair I were the first ones made, and they seemed to be rather
irregular, though the pressure differencss when heating &nd when ocooling agreed
fairiy well, The valuss of Ap/ /A X were only about 0,75 to 0,9 (in the first
degree above the transition temperature, where the ratio is naturally mch less

&
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* accurate, 0,8 tc 0,7) aa great as those shown in Pig, ¢, vhich were odtained
after repurification®, The cause for thie disorepsnoy is not imomn, espesially

¢ As no break-geals had besn providsd adove the manombter arms in this ocase,
a speoial prooedure had to bde used tc attach the repurification apparatus,
80 a8 to intrcduos a minimum of moisture. The repurification cver fused Cal
then prooeseded ae ususl,

)

a8 the repurification caused no change in the transition temperatures, but we ]
fosl that the wvalws given in Table II and Fig, 4, cbtained after some familiarity
with the procsdure wae attained, are the most reliadble, ané they certain fit in

dotter with the othsr ﬁnirl.

i Conolusions. From Fig, ¢ ws oonolude that if there is a region above the
oritioal temperature for which A, o/ A X is sero it mst either 1lie within
o_.z' or O..8° of the transition tempermture or must be oonfined to & narrow renge
of oomoentrations. There is nc evidenoe ?tor o.ny such region. The walues of
Av/ AAX in e oritical region are ocrﬁialy extremsly emall, oomsidering that
the total vapor pressure is over 100 mm, tut 4 p//A X begins ¢o deviabe from

sero, however slightly, at the oritical bemperature and inoreasee approximately
linearly with temperature from that point on., Within the 1imits of error, the
experimental results seem to agree with the theoretiocal predictions of Rice,
but more work along these lines is undoudtedly deeiradle,
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